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SUMMARY

This paper presents the methodology and results of a K;rnited study
undertaken to deteraiine collateral population damnage fran weapons aimred
at strategic military bases and to roughly e%timate the cost of blast
shelters to protect everyone at risk. The study had the following as-
sumptions and criteria:

I. Largets -- 57 operational SAC bases taken from unclassif'ied
sources and located on Sectional Aeronautical Charts, Coast
and Geodetic Survey.

2. Weapons -- Optimum air burst, 0-CEP, with ground zero occurring
at the center of each base. Comnuttions were run for 1, 2. 4,
8, i6 and &4 MT size weapons, one weapon delivered per base
(range of from 57 to 3648 total MT's delivered).

3. 2)aMse OAdel -- A roughly Gaussian relationship between per ct:nt
mortalities and peak overpressure in which the 0.5 kill probabil-
ity (Pk) for the unprotected was taken at 10 psi with no survivors
at 20 psi. in each city the model assumes that the population at
risk is so distributed that the kill probability for the total
population is equal to the Pk at the population center,

4. Cost Model -- The cost per blast shelter space is equal to $50 +
$20 fyr, where p is the designed overpressure rating in pounds per
square inch.

Four sets of calculations are given. The first (Appendix A, labeled
"Rough Computations") contains a detailed listing of bases and cities at
risk, plus mortalities computed u." 9g census data, target to city distances,
and the damage model selected. The second (Appendix B, labeled "Detail
Calculations for Ten Targets") contains the results of refined calculations
for some large cities in which each census tract is treated as a population
cer.ter. The third (Appendix C, labeled "Adjusted Computations") contains
the results of modifying the first set of computations according to the
results of the refined computations. The fourth (Appendix D, labeled
"Blast Shelter Cost Computations") contains blast shelter cost calculations
for protection against I-MT and 8-MT attacks.

The significant results of the various computations are as follows:

1. Collateral damage for the unprotected population around 57 SAC
bases:

Pop. at Risk Estimated Mortalities (Millions)
(Millions) .1 MT 2 MT 4 MT 8 MT 16 MT 64 MT

12.0 1.2 1.7 2.4 3.5 4.8 7.6
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2. Cost to provide a blast shelter space for all at r;sk to more
then 5 psi:

Against a i-MT attack -- $320,000,000 (approxirately 2,700,000 spaces)

Against &n 8-MT attack -- $825,000,000 (approximately 6,600,000 spaces)

3. Ten per cent of the targets account for 20% to 40% of the people
at risk depending on weapon size and 40% of the mortalities. Twenty per
cent of the targets account for 35% to 55% of the people at risk depending
on weapon size and 60% of the mortalities.

The paper also concludes that some addicional work might be worthwhiie
to Indicate the effects of aiming errors (finite CEP's) on collateral dainage.

i

3
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COLLATERAL DAMA-

I nt ruduc t '

Among the vai irou, poýssbh t_ hardened and/or dispersed shelter progrars

are those whic: are desi-ned to }iFit collateral dar-'ap' resultiny frot"
weapons an od only at I iaJ Wry target4. Preparatory to deterrin•ing the

effectivenes and cost of s uch progrars, it is n-cessary to undertake some
basic map exercises and 00 Outatiofl- to deterr-re the current vulnerability
of the country to a ro-j"p& ot ,ountcrfrce attacis. This paper prese:ts the
methodology and results 'f one set of collateril da•:ae .-ac•lat ,ion anj
tiast shelter cn ,t ,ai ,at . inns,

Taracts

Targets selected to" computation of damaes consist of 57 air bases
located within the continental United States. These are distributed as
shown on Figure I and are li-ted in Appendices A and C. This list was
compiled from various unclassified sources

The air bases are divided into two groups designated A0 priority and
Aj priority. An A. priority target is one housing or supporting CICSM

facilities, An A, priority target in a SAC base.

Hypothetical attacks "ere run on each base assumino 1, 2. 4, 8, 16,
and 64 MT air burst weapons del ivyred on target. Ground zeros were as-
sumed to occur at the ridpoirnt of the longest runway as shown on Sectional
Aeronautical Charts compiled by the Coast and Geodetic Survey, U.S. Dept.
of Commerce. Where runways were not shown, the GZ was taken at the center
of the symbol designating the air base.

Damage Model

Two basic assuwptions were usetd t• deterr-ine portalitieis fro-- any size
weapon. First, the per cent ou tafliti..s vs. peak overpressure relationship
was assumed to be Gaussian for a,-lI propt I weapons effects roughly approxi-
mating the Japanese experiencen in thims relationship. "or an unprotected
population 507 i- o rt-.litics (Pk - 0,5) tr-r blast effects occur at a distarnce
from GZ correspondinq ton I psi. Ahbve 20 psi there are no survivors. Sec-
ond, for small population center-, we assure that 'he population of any urban

concentration s sn distri Puirce that the prF hah lits. ol kill for the total
concentration is ('qual to the Pk at thv pn•pulfrion Lenter. Ten larqe popu-
lated areas near the hases ar .xar ind in det'ai i

Usinq current distan(c-ov.rprrssurs rlat iniships and n{ of irsq laws,
is now possibev to arul a Ir dioral' t Ii- t, a ,va ,uns w.op, si.' e \Table 1).

"The Prohn•a l.. Fal l.t Threat Dvtr '- , , ;A nntn ; U'i iteA States,''
[.D. Callahan, tt al., T,,hnicl Ojrar i,n' In , TO-P !-,.;-I1, D . - 1960.

S If I , t I N I I I ,p ,ns -, c. II
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TABLE i

COLLATERAL DPAAGE - . BLAST MORTALITIES
Distance (Miles) froco GZ (airburst)

Pk (kill to Population Center

(psi) probability) I MT 2 MT 4 MT 8"MT 16 MT 64 •T

0 ..00 1i.75 2.2 2.8 3.5 4.5 7.0

19 .95 f.0 2.3 2.9 3.6 4.6 7.2
8 .90 1 .90 2.4 .0u 3.• 4 .8 7.5

17 .1 i .95 2.5 3.1 3.9 4.9 7.7

16 .80 2.00 2.6 3.2 4.0 5.! 8i)

i5 .75 2.1 2.7 3.3 ; .2 5.3 8.3
!4 .70 2.2 2.8 3.5 4.4 5.6 8.7
13 .65 2A3 2.9 3.7 4.6 5.6 9.2

12 .60 2.4 3.! 3.9 4.9 6.i 9.6

H1 .55 2.6 3.3 4.1 5.2 6.5 10.2

10 .So 2.7 3.5 4.3 5.5 6.9 10.9
9 .45 2.9 3.7 4.6 5.8 7.4 11.6
8 .40 3.2 4.0 5.0 6.3 8.0 12.7

7 .35 3.5 4.4 5.5 6.9 8.8 13.6
6 .30 3.8 4.S 6.0 7.7 9.7 15.4
5 .20 4.3 5.5 6.9 8.7 1 i.0 17.4
4 .10 5.! 6.4 6.u 10.2 12.6 20.4
3 .05 6.2 7.6 9.8 i2.5 15.7 25.0

Calculation Procedures

The preliminary or "first cut" computations were done as follows. Using

the Aeronautical Charts, all urban and urbanized places at risk were located
and listed by name and distance from. the GZ. In this first try, the list is

limited to places withi 15 miles of the target except for large cities within

a 25-mi le radius. Poptuation figures for each place were obtained from census
data.--- In order to "pick up" as much of the rural population as possible.

towns were a!so counted and included at 2000 persons per town. These were
assumed to be uniformly distributed within a 15-mile radius circle. The Pk
assigned to the towns is "weighted" on an area basis. Using the data given

in Table I, mortalities for each place were calculated by multiplying the

total population by the proper Pk.7 ''•: All of the detail work may be found in

Appendix A. The results showing the vulnerability to blast ot about 14 Wil-
lion people at risk are summarized in the following table.

.':United States Census Populat ion 1960, Uil t._d S'att-, Sumi'ary, Uni ted

States Dept. of Cory'wrce, Bureaii ot [hC Ce-nsu'.,

-Mmnir-ur- Pk vv, tLhosen at .01.
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TABLE 2

C•LLATERAL BLAST DAMAGE FOR S7 SAC BASES

Pop. at risk Mortalities (millions)
(million2) I MT 2 MT 4 MT 8 MT 16 MT 64 MT

14.00 0.83 1.41 2.23 3.32 4.73 7.914
% 100 5.9 10 .Q i6.0 23.7 33.8 56.7

During these computations it 3ppeared that sone serious deviations
from the model might have been introduced due to the simple treatment of
large urbanized areas especially where: a) an urbani7ed area was not well
defined, or bO the GZ was within or close to the effective radius* of the
city, or c) the city was very far (15-plus miles) from GZ. In addition,
it was very possible that the distribution assumption for large places was
grossly inaccurate.

As a result, it was decided to select a few places (10 in all) and

subject them to a more detailed analysis. These were selected primarily
according to population; as many in the 250,000 and over category as time
would allow. For this analysis each census tract within 20 miles of ground
zero was considered as a separate population center. The location and popu-
lation of the tracts were obtained from the various volumes of the National
Location Code prepared by the Bureau of the Census. Measurements were made
to the geographical center of each tract and population figures sunmed for
tracts equidistant from GZ. Pk's were then applied to sums according to
Table 1. The detailed calculations can be found in Appendix B.

A comparison of the calculation procedures (Table 3) indicates that
the rough computation is accurate especially in the medium weapons range
(2-8 MT) and for wide variations in population (Detroit), and for distance
from GZ (Miami). For highly concentrated places- it is very accurate.

On the basis of the detailed figures it was decided to go back over

the first approximation and make more adjustments. These were applied as
follows.

1. Across-the-board adjustment of population at risk and mortalities.
The population-at-risk comparison for all places except Miami and Detroit
indicates that a I1'! increase it the rough figures is called for.

"':Effective radius (designated Ro in Appendix A) is the radius of a

circle whose area is equal to the urban area figures given in the census
information.

,"'Cities like Tacoma where the urban fringe population drops off sharply

away from the central city.
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IABLE 3

COMPARISON OF CALCULATION METHODS

A Prioritv Tajr.ets

Lowry AFB, Denver, Colorado d = 5.2 ti,
Pop, at risk (thoLusand4s) Mortal ties (thousands)

MT 2 MT 4 MT S"T MT 6MT M MT
Rough Cai c 88 72 193 315 451 628 806
Detail CaLc. 813 157 225 303 396 498 677

McConnell AFB, Wichita, Kansas d = 5.5 mi.
Pop. at risk (thousandst Mortalities (thousands)

I MT 2 MT 4 MT 8 MT 16 MT 64 MT
Rough Calc. 323 36 59 105 153 222 316
Detail CaL'. 36? 62 98 138 185 236 312

Fairchild AFB, Spokane, Wash;ngton d - 12.5 mi.
Pop, at risk (thousands) Mortalities (thousands)

I MT 2 MT 4 MT 8 MT 16 MT 64 MT
Rough Calc. 257 11 12 15 25 42 116
Detail Calc. 263 7 8 14 29 52 130

A_ Priority Tarujets

March AF8, San Bernardino, Riverside, California d a 8.8 mi.
Pop. at. risk (thousands) Mortal ities (thousands)

I MT 2 MT 4P MT 8 HT 16 MT 64 MT
Rough Cal-. 398 5 6 37 81 139 2714
Detail Calc. 470 10 14 27 47 149 206

Homestead AFB, Homestead (Miami), Florida d (Miami) = 23.5 mi,
Pop. at risk (thous5ind,) Mortalities (thousands)

I MT 2 MT 4 MT 8 Ml 16 MT 64 MTRough Calc. 8/1 Hl 13 15 !6 22 78
Detail Calc. 253 13 I/ 24 33 44 91

MacDill AFB, Tampa - St. Petersburq. Florida d 9.6 ii .
Pop. at ris-k (thousand5) Mortal Ities (thousands)

M ,, 4 MT 8 mr 16 MT 64 MT
RiOu qh Calc. 684 7-
Detail Cal,. .;,UL •,6 6U� O i.,0 36/
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TABLE 3 (Continued)

Westover AFB, Springfield, Chicopee, Holyoke, Massachusetts d : 5.2 mi.

Pop, at risk (thousands) Mortalities (thousands)
I MT 2 MT 4 MT 8 MT 16 MT 64 MT

Rough Ca~c. 467 45 108 176 253 348 456
Detail Calk. 530 64 101 15(1 28 290 423

Selfride AFB, Detrcit, Michigan d 19.0 mi,

Pop. at risk (thousands) Mortalities (thousands)
1 MT 2 Mi 4 MT 8 MT 16 MT 64 MT

Rough Caic. 3538 35 35 35 35 35 566
Detail Calc. 1277 25 38 50 94 149 425

Carswell AFB, Fort Worth, Texas d = 6.4 m i.

Pop. at risk (thousands) Mortal ities (thousands)
I MT 2 MT 4 MT 8 MT 16 MT 64 MT

Rough Calc. 513 21 61 132 198 285 509
Detail Catc. 484 43 67 103 153 212 339

McChord AFB, Tacoma, Washinqton d = 5.1 mi.

Pop. at risk (thousands) Mortalities (thousands)

I MT 2 MT 4 MT 8 MT 16 MT 64 MT

Rough Calc. 274 24 60 91 131 190 251
Detail Calc. 408 31 51 87 125 173 271

Weighted distance
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2. Adjust the mortality figures for other large places in accordance
with the detailed figures (size and distance froin GZ). Thus vie proportion:

Base Number

I Tucson like Wichita

7 Topeka like Fort Worth
10 Lincoln like Wichita
11 Omaha like Tampa-St. Petersburg
2i Little Rock like Spokane
26 Orlando like Tampa-St. Petersburcg

33 Shreveport !ikc Fort Worth
47 Utica like Spokane
51 Columbus like Spokane
52 Dayton like Tampa-St. Petersburg;

Springfield like Miami

The details of these adjustments as appl ied to the rough computa' ions

are found in Appendix C. The surmmation of results appears in the following

table. Table 2 is reproduced to facilitate comparisons between calculation

methods.

TABLE 4

AOJUSTED DETAILED CALCULATIONS

Pop. at risk Mortalities (Millions)
(h!ilions) 1 MT 2 MT 4 MT A 4T 16 IMIT 64 MT

12.04 1.15 1.69 2.43 3.47 4.77 7.58
V 100 9,5 14.0 20.2 28.9 39.6 63.0

ROUGH CALCULATIONS

Pop. at risk Mortalities (Millions)
(Millions) I MT 2 MT 4 MT 8 MT 16 MT 64 MT

14.00 0.83 1.41 2.23 3.32 4.73 7.94

eOC 5.9 10.0 16.0 23.7 33.8 56.7
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1

There are many points to be made about these collateral damage corn-
putations, their meaning and usefulness. Among thesa& are the following:

I. Conc-rning the calculation procedures only, it appears that further
refinements (i.e., mapping each base in detail) might improve results but
probably with diminishing returns, considering the additional effort re-
quired and the roughness of the modei. However, it may be worthwhile to
re-run the calculations to determine the effects of aiming errors (CEP's)
on total damage. Even if one credits an enemy with very accurate weapons,
there is the outside chance that the ground zero will occur two"' or nore
CEP's away from the target and toward the city. This "worst case" compu-
tation might be run, say, using one-half nautical mile CEP weapons in :he
mediLm yield range (1-8 MT) and locating the ground zeros one mile nearer
the cities.

2. Regardless of computational procedures, one does notice the gross
inequalities of targets in terms of collateral damage. One might argue,
for example, that an enemy sees all Ao targets as being equal in value.
That is, the threat to him from Lowry (Dinver, 800,000 at risk) may appear
the same as that from Mountain Home (9,000 at risk). One might also argue
that the assigned megatonnages are equal. Here, the guess is that even if
an enemy wished to assign smaller weapo ns to Lowry, he could not because
he doesn't have them. Of course this does not mean that ne must neces-
sarily be malevolent; this has to do with targeting doctrines. However,
whether malevolent or benevolent, damage at Mountain Home is small and re-
mains so regardless of doctrine. At Denver, Detroit and other large places,
this is not the case. Here, aLtacks with avoidance or "bonus" are clearly

available. As a special feature of target inequalities, consider the elim-
ination of some high risk bases (Figure 2). A 10% reduction in bases re-
duces the people at risk by 20%. to '40% depending on the size of the weapon
and reduces mortalities by about 40% for all size weapots. A 20% reduction
in bases reduces the people at risk by 35% to 55% and mortalities by about
60 %.

3. In the design of blast shelter programs, these inequalities intro-
duce annoying problems. To someone planning a program around Lowry or West-
over AF8, Mountain Home or Roswell AFB looks like it already is blast pro-
tected. In addition, the population around these remote places have other
"built-in" means for protection such as easy dispersal and probably easily
available equipment for improvising shelter.

4. In connection with (3) above, it is important that defense plan-
ners recognize that the cost of equal protection per capita will vary from
place to place. That is, it may not be realistic to estimate the over-all
costs of blast shelter programs by assigning costs regardless of locale
even for shelters of equal hardness.

*There is about 9% probability that a weapon lands within a circle
of two CEP radius.
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5. To a first approximation the cost of a program which provides
blast shelters which protect against any size weapon (or less) can be
ohtained by taking the cost of a required shelter space at the center of
population, multiplying by the population of the area, and surwing over
the 57 bases. This was done for I-MT weapons and 8-MT weapons, except
that some detailed calculations were done for 10 large places and adjust-
merits applied to other big cities. These calculations are found in Appen-
dix D, Costs are based on the formula

Cost per space = $50 + $20
where p = shelter psi rating

and 10 levels of shelter hardness (220, 100, 60, 4u, 25, 20, 16, 12, 9,
and 6 psi). Shelters are provided within 10 miles of GZ for the 8-MT
weapon and 5 miles for the I-MT weapon. Overpresscres at greater di5-
tances are less than 5 psi and we assume blast shelters are not required.
In addition, we assume that people close to GZ (.4cl mile for 8 MT and

<0.5 mile for I MT) are able to disperse to the shelters provided for them.
them. Total program costs are:

For I MT $320,000,000 (approximately 2,700,000 spaces)

For 8 MT $825,000,000 (approximately 6,600,000 spaces)

This presumably results in zero mortalities from blast,
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APPENDIX A

COLLATERAL DAMAGE

Rough Computations

In the following tablez, mortalities calculated at a target
location are listed under each weapon size and are in thousands
of people.

Ro, is the radius of an equivalent circular city (miles)
whose area is equal to the urban (or urbanized, if available)
area of the actual city as given in the 1960 census data.
d, is the distance in miles from the apparent center of the
equivalent circular city to the target. The quantity R = d - Rol
is the distance in miles from the edjc of the equivalent circular
city to tile target. Neither R.) nor R is required in computing
damage according to the model selected. These quantities have
been f nd uýeful in check;ng the computations for large errors
since they provide a yardstick for roughly comparing vulnerability
between cities.



A- 2 HI-361-RR/5

co - Z -n - - - r

-t m Nq
E 

No

4C -.% ^4 (A 4
0~

4) -

C14

Coe c

0.-.

NU

0 

0

<
S.- Nin - a0

aS0 a a c a

LA 4j 0 N 0 3
o0 LA -I ':I1-

C.)l

LA I S 5 - -A



HI -361 -RR/5 A-3

00 co

co -.Tc- c

C4 4 '

0.

< 4f . I 
-

E
4-ii

*j IA

4 C'4

C> I

to -

0) I0

I- I-

0

.I.
0*- K0 cliI7



A-4 HI-361-RR/5

00 -T1

co- N(N~

a, ('4
l I _ _ _

I-0

L . 0 . . - 4

4.N LA I0 Wt

Ul

mo I C'

- < - -l >

p.-



HI -361 -RR/5 A-5

'00 - T

I-

CL I

(N 'X.1

0'

(Nw

o *. I I

Q. K

0- - ~ L

-I_



A-6 HI-361-RR/5

-0 -r -n -m

'.0 - U' LA

m 00N N CO NU

c ~ ~~ X:C4NU 4 C4 40 . 04N
m

CO9

0. L

C N ~01 - -0U

o ý N a% -Dm %

0 -
CI x

4: 01 1 ~

u 2 * s*

U' 0. 0I 0 LL -

o -U 41'



HI -361 -RR/5 A-7

IIV-

00~. G l 0C4 al
N - - C14a

C1

00

4 -T ON N

C14

.41

N- - -.1 I I I*

0.-11
-. 0

0 -ý -0aaa aaaaa aaaa - - a" -0 -

00

oc
M. 0. I 0

W a -< ,

E V~I I CL
*0 0

cJ 0 v
< v O

C - - a a - -



A-8 I1I-361-RR/5

'A - - - -L-- - -1 -1

LA - i D Wi% WIN i

c~ X: C1 4 _rC4 Ul k

0.C1

x C14 C1

'uiI

0

-; E
- N N Cfl

UCN Ir 0Olt O~

CL 0

0.0 2-
0i 0

4) LL..

'U Go 4) M LAnfXA LA.. c c -- 'U G >-

L'A i I- ~U 0 'D - 4) I
EU- IA 0 L. 4) mU .

<A t O

dfflu



HI -361 -RR/5 A-9

'00

E
E U UN (A C4 . - n 4 N

0 4C

(N4 4I I 4

00 N

cr-.
z ' - Co( N'

0.- LI 0 0

0 0ON c

0 0 00c

"D- -) -o 4 j

0.0

0~u Cl L I--u 4

E- I c. 0 mU 0 C- £0 0
b-U I- x ..J U' F- L L ( 5--

'U 
LA. U

LA1L



A-10 HI-361-RR/5

00 ? LA 0

44 -^ -f - 4-

Ln

40
C-

ON 04 C" 0 E

0.

C 44

0

CD ~ LA~ L

C., CC

coLA )I

ac w

>A u A
.X1 m Y 4 IL

tS 41 00
> ~ *C, 4 IL ~

0L



HI-3f)-RR/5,'

CC"

.

L.

rv~ 04 - m

0 r
(v I

~- 00 c - eLA C14

o It

CC"

a-

U.- LA- TI - (1) C1 () 'A

r*r - - r' I
0 -r7 10 4nC

,.n t)--- a



A-12 
HI-361-RR/5

on 0 
_;LA S -

-CA

4,4

ON C1

- uý 0% c' a0 -

Ch r OWN - N -t N I I

o U c

m) 4 0

N 
I.

0 
a0

to 
. .



HI -361 -RR/5 A-13

%0 - .0

'.00 (4cn

E 0

CC

oc

0~
< W.

Q ) %0 N

ev~Lr C4 - ~
le

00-- '.0 t O. LA I- 1
49 E C14*

CL 0N .4. '.% C1 0f IAN

CL' X 00A 0

-: C; IN '0 v
o --

0- 0 <N t'

0 0

4) IA 4-

M- I~ UL 4

4)~~~0 L LL.M 3
(m E- CL 0 m~

In. I.- IA w D w In

'U 'U



A- 14 HI 361-RR/5

00 ON 0 h - l (D N
LA.

OL aj% (N U'% m

CL

E 0-

0

to
(U- - - - -

0, -ý -- -ý

CL 0 -0 a m- 00
0( N- a

-- C )

mI -3 a cc ei W 'o *

Z aL a, U. c A

0- IN0

1 0-

7c x _- LA CA-

LA



HI -361 -RR/5 A-15

4~C 00-( %
cc 0

LL

E 0

0.

In e - a %o . - N

C I I'0 a%

IC I4 I 14O

m c I %D I

0.-

CL- I

'0 I

7N In - U

0N c N

CA c
0*- I

.- co



A-16 HI -361 -RR/5

.-T m 00- - -z - -- 1
44 Go4

-c - 4-

EA

E 00 O

*2 1. --

- -00

S -4 60 6

0

z~~~c a%. ~j O
0 -c

I.-.
n I6 in - .4 co t *

I IA 8 A
Z a w

-j -A -2 - -
I-.a



HI -361 -RR15 A-I17

Een
gw~ I C'% t Go

E co 0-

Q

I4 I

0

o -t %0-C oL

N -N

00r-

CL Go -1 0 0C
0 4 C4 a% 0

0--

'a r-. m- s 00

Go 0 -0r 0 a 0 0

L. 
>

0 mx
u U.CLtnL

0-A

-Enm



A-18 HI-361-RR/I

'0 LA

L -%

Z I

I-

E ON

C%4

0

oo -r% c

N ; A

ui-

CAC
OI a-LA I-

0. 01 0ý ao cAOoa

0 - 04 -m
L)f

- - a - N. LA.

W. 0- -. 0 .-0

L. .1

0~~4 j I

M) 1)
X: Ch

'U L 4)
4.' A 4~D *'.2

EMITI Il4. I ~



HI -361 -RR/5 A-1 9

C-4 -:N

LL

L.

0 r- C4 *4
0

C-4

0r CO

< - w - - - I-

-0 0 I 41

- 0- - - - -- - •

O.-

A - - a I I -

-, - o - - - -
0. r-:0 _ i r 0

L I " .---° '



A-20 HI-361 -RR/5

4.'

I? I.-

C4

m -4

o - -C4 1
C4.5

to - - - - - -

- U. CI 0
fr < 0-AU L %

wr cc as w
_-a W In CA

r-~ '.~ * I

ccI



HI -361 -KR/5 A-21

- 1L4 '0 re f :r.

E -T -- -- --- I -___

E 0

0 '0 zC

-T 0

0 L

O N m - - '

0ý 44 CO c

-'NE S I'

0 - s aa- 4ý

L~ : 1;1I*

13 C3N 9 ~ C

I- LA

> L)

-j x z0 'N A

-c C)

zV4 .



A-22 HI-361-RR/5

C1 m

INm

W - -1 - ý O

C.4~
" a E

0 N If 0 r 0 -t 0

oc

00
0 4A

0~0

0' X: Go 0 S NS
0 I E.

tN
-L-- -



HI-361-RR/5 3

e0j ('N

4A

L.

o c
CL~

Il X o C)

* I

CC ST

r--

LT e) o ~ o .



A- 24 HI-361-RR/5

".00

-a -D - - -- - - -

CL
N ~ 0 - C4

0.

00

I.-E

E 00

0 - -1 ODN

CL x

C In

I.- 4. r.

c -.

In. 0 01 0 :3 S

~~E 0<

rv4v
- a a a - a - - - -

L cc 0



HI -361 -RR/5 A-25

C4 4 L CX

E OD

LI mV

j NN

N - L

<0 0

o I-

N '. 0'.LA

WN

0 0 -C.O

0-

o a a

*~~~ - vl u



A-26 HI-361-RR/5

N Ul%

0 .C0 0 0

II
< 0'

o I.-

-T 00 (D

so 4 -W N0

>0 0

E -j

00
C1

S.i 0



HI-361-RRi5 8-I

APPENDIX B

COLLATERAL DA.MAGE

Detail Calculations for
Ten Targets

In the followinry tables, d, 3s the distance in miles
(rounded to the neares: half-mile) from the target tc the
geographical centers of sur.-inding census tracts as shown in
the various volumes of National Location Code prepared by the
Bureau of the Census for OCD-DO9 and the National Resource
Evaluation Center-OEP, 1962. Kill probabilities are assigned
according to this distance and the data given in Table I
located in the main section of this report. This assumes that
the damage to the entire census tract Is equal to the damage at
its center. The computations were simplified by grouping equi-
distant tracts.



B-2

TABLE I
COLiJTUL.AL DAMtA6E LUM,•PIA1 iONS

(Lowry Air Force Base, Dunver, Colorado)

I MT ' MT MT
Dis:. U ioai t PP P

I I M. op,. k Mok- 14 , f

0.0 5500 1 5500 1 5500 1 550,3

S0800 1 5800 1 5600 i 580o
1.5 7 3/900 .95 36000 i 37900 i 37900
2.0 8 35900 .80 28,00 .95 34100 1 35900
2.5 9 41600 .58 24100 .85 35400 .95 39500
3y0 9 44300 .43 09000 .63 27900 90 39900
3.5 b 26800 .35 9400 .50 13400 .70 18800
4.0 8 32!00 .26 8300 .40 12800 .57 16300
0.5 10 42500 .18 7700 .34 14500 .46 19600
5.0 10 6100 .11 W700 .28 7100 .40 24400
5.5 ! 4 W700 .07 3400 .20 9700 .35 17000
6.0 7 22;00 .06 1400 .15 3400 .30 6800
6.1 6 28100 .03 800 .11 3100 .24 6700
7.0 8 31900 ..-- .08 2600 .20 6400
;.5 7 37700 ... .04 1500 J5 5700
8.0 8 49200 ..-- -- .10 4900
8.5 4 29100 .09 2600
9.0 9 47600 .08 3800
9.5 6 32900 b.0 2000

W0.0 6 31200 .04 1200
10,5 2 103700
11.0 3 .i0300
1;.5 2 !14UU
;2 ..j ... -- o tes :
!2.5 3 20200
13-0 3 20100 , Population 3nd Motal ties
3.5 2 i7600 in thou_<-,i ',

14. 0 2 7200 . Kill Probabil ity (Pk) for
4.5 -- opt imum a ir burst

15.0
:55 ....
i6.0 I 2600
16.5 -- --

17.0 -- --
17.5 1 1.000
W .0 1 3200

8.• 5

19.0---

20.0 --

TOTALS 6) 912900 - - - ý60,'

(CONT0.
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TABLE I (cont 'd.)
COLLATERAL DAMAGE COMPUTATIONS

(Lowry Air Force Base, Denver, Colorado)

8 MT 16 MT 64 mT
Di',t. No. Total
d Mi Tracts Pop. Mort. Pk ort, Pk Mort.

0.0 5500 5500 1 5500 1 5500
0.5 I -- -- I --
1.0 2 5;o 5800 5800 5800

. 37900 37900 37900 37900
2.0 8 35900 1 35900 1 35900 35900
2.5 9 41600 1 4f600 1 41600 1 41600
3.0 9 44300 1 44300 1 44300 1 44300
3.5 6 26800 .95 25500 i 26800 1 26800
4.0 8 32M00 .80 25700 1 32100 32)00
4.5 10 42500 .67 28500 .95 40400 42500
5.0 10 61100 .58 35400 .83 50700 1 61100
3.5 11 48700 .50 24400 .72 35100 1 48700
6.0 7 22700 .43 9800 .62 )4100 22700
6.5 6 28100 .38 10700 .55 15500 1 28100
7,0 8 31900 .34 10800 .49 15600 .95 30300
7.5 7 37700 .31 11700 .44 16600 .90 33900
8.0 8 49200 .28 13800 .40 19700 .80 394U0
8.5 4 29100 .22 6400 .36 10500 .72 21000
9.0 9 47600 .17 8100 .34 16200 .67 31900
9.5 6 32900 .14 4600 .31 10200 .61 20100
10.0 6 31200 .11 3L00 .27 8400 .56 17500
10.5 2 13700 .10 i40J .23 3200 .53 7300
11.0 3 20300 .09 1800 .20 4i00 .49 9900
11.5 2 H140C .07 800 .17 1900 .45 5100
12.0 -- -- .06 -- .14 -- .43 --
12.5 3 20200 .05 1000 .11 2200 .41 8300
13.0 3 20100 .04 800 .09 1800 .39 7800
13.5 2 17600 .... .08 1400 .37 6500
14,0 2 7200 .07 500 .35 2500
14.5 .... .06 -- ,33 --
15.0 .... .05 -- .31
15.5 ..-- .05 -- .30 --
16.0 1 2600 .04 100 .28 700
16.5 -- -- .25 --
17.0 -- . .23 --
17.5 4o000 .20 800
18.0 1 3200 .18 600
18.5 -- -- .16 --
)9.0 --.
19.5 -- .12
20.0 -- -- .10

TOTALS 162 812900 -- 395600 -- '498100 -- 6;6600
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TABLE 2
COLLATERAL DAMAGE COMPUTATIONS

(McConnell Air Force Base,
Wichita, Kansas)

1 MT 2 MT 4 MT
Dist.~4o.Tot.

d Mi. Tracts Pop,. Pk Mort. Pk Mort. Pk Mort.

0.0 1 2000 I 2000 1 2000 1 20000.5 ..... --. .-.. -. .

1.5 3 12800 .95 12200 1 12800 1 12800
2.0 3 7300 .80 5800 .95 6900 1 7300
2.5 3 16500 .58 9600 .85 14000 .95 15700
3.0 4 12900 .43 5500 .63 8100 .90 11600
3,5 4 19200 .35 6700 .50 9600 .70 13400
4.0 9 32800 .26 8500 .40 13100 .57 )8700
4.5 8 24500 .18 4400 .34 8300 .46 11300
5.0 8 38100 .11 4200 .28 10700 .4o 15200
5.5 7 19300 .07 1400 .20 3900 .35 6800
6.0 6 22600 .06 1400 .15 3400 .30 6800
6.5 6 22800 .03 700 .11 2500 .24 5500
7.0 6 28800 .08 2300 .20 5800
7.5 3 8700 .04 300 .15 1300
8.o 4 14500 .10 1500
8.5 4 10500 .09 900
9.0 3 11000 .08 9009.5 2 5300 .06 300

10.0 2 4000 .04 200
10.5 ---
1).0 1 3,00
11.5
12.0 2 1300 Notes:
12.5 1 4100
13.0 1 2200 1. Population and Mortalities in
13.5 2 5900 thousands
14.0 4 6500 2. Kill Probability (Pk) for
14.5 2 3500 optimum air burst
15 .0 . ... ...
15.5 ---
16.0 1 100
16.5 ---
17.0 ---
17.5 ---
18.0 4 1100
18 . 5 . . .. . . .
19.0 4 17300
1 9 . 5 . . .. . . .
20.0 2 2600

TOTALS It0 361900 62400 97900 138000

(CONT' D.)
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TABLE 2 (cont 'd.)
COLLATERAL DAMAGE C0MPUTATIONS

(McConnell Air Force Base,
Wichita, Kansas)

T ml 16 MT ,M-
Dist. No. Tot.

M. Tracts POp_ K Mort. PK Mort. Pk Mort.0.0 1 2000 1 2000 12000 1 2000

1.0 3 l20 ! 12300 12800 1 128002.0 3 7300 1 7300 1 7300 1 73002.5 3 16500 1 16500 l 6o0 I 165003.0 4 12900 1 12900 1 12900 1 129003.5 4 19200 .95 18200 1 19200 1 192004.0 9 32800 .80 26200 I 32800 I 328004.5 8 24500 .67 16400 .95 23300 I 245005.0 8 38100 .58 22100 .83 31600 1 381005.5 7 19300 .50 9700 .72 13900 1 193006.0 6 22600 .43 9700 .62 14000 226006.5 6 22800 .38 8700 .55 12500 1 228007.0 6 23800 .34 9800 ,49 14100 .95 27400
8.0 4 14500 .28 4100 .40 5800 .80 11600
8.5 347 0 .1 27 04 3 0 .80 11600
8.5 4 10500 .22 2300 .36 3800 .72 76009.0 3 11000 .17 1900 .34 3700 .67 740095 2 5300 .14 700 .31 1600 .61 320010.0 2 4ooo .11 400 27 1i0010.5 -- _ --- .1 - .2 1056 220010....00 

... .23 .. .5311.0 5 3700 .09 300 .20 700 .4912.5 ---- .07 .... .17 ---- .8..12.0 2 1300 .06 100 .14 200 .43 60012.5 1 4100 .11 500 .41 170013.0 1 2200 .04 100 .09 200 .39 90013.5 2 5900 .08 500 .37 220014.0 4 6500 .07 500 .35 230014.5 2 3500 .06 200 .35 2300
15.0 --- -- ._ o6 200 .33 1200
15.5 ---- .05 .31 ....16.0 1 100 .05 .30 2...16.5 --- ---- o4 .2817.0 

..
_ 

25
17.5 --- ----.. 2318.o 4 1100 .20 2..013.5 --- ---- 

.18 20019.0 4 17300 

.16 240019.5 --- ---- 
14 2400* 20.0 2 2600 

.12 300.
TOTALS 110 36 1i0o 185100 235500 311600
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TABIE 3
COLLATERAL DAMAGE COMPUTATIONS

(Fairchi)d Air Force Base,
Spokane, Washington)

I MT 2 MT 4 MT

Dist. No. Tot.
d Mi. Tracts Pop. Pk Mort. Pk Mort. Pk MorL.

0.0 5700 1 5700 5700 1 57000.5 _-o0.... I .... I .... F ..
2.0 .... . ..-.
1.5 .95 ---- I
2.0 ..
2.5 ..

3.0 - .58 .85 .... .95
3.5 .43 .... .63 ---- .90
4. . 35 .50 ---- .70 ----
40 4800 .26 1200 .40 1900 .57 27004 .5 ._ _
5 .0.18 .... .34 .... .4 6

800 1 100 .28 200 .4o 3005.5- .
6. ------ .07 .15 -- -. 35 ....
6 . o.. . 6 . 1 --- . 3 0 . .

7.0 .03 .08 ---- .24
7.5 - 6500 .o4 300 .20 1300

8.0 .15 ....

8.5 1 2300 .09 200
9.0 6 23700 .0 i_900
9.5 1 5400 .06 300

10.0 7 30700 .o4 1200
10.5 5 23600
1.0 4 18500
11.5 4 20300
12.0 3 16400
12.5 3 10200 Notes:
13.0 6 2750013.5 3 13700 1. Population and Mortalities
14.0 2 50:00 in thousands
14.5 1 5000 2. Kill Probabil :v (Pk) for
15.0 2 5100 optimum air burst
15.5
16.0 1 3600
16.5 2 6100
17.0 2 3100
17.5 2 5700
18.0 __.
18.5 2 12500
19.0 2 6900

19.5 ---
2f C. 3800

TOTALS 66 262900 7000 8i00 13600

.C0NU 1.)
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TABLE 3 (Cont'c.)
COLLATERAL DAMAGE COMPUTATIONS

(FAirchild Air Force Base,
Spokane, Watninytn)

MT 16 MT 64 M r
d mi. Tracts op_. Pk Mort. Mort. Pk Mort

.5700 
5700 5700 1 5700

.0 - - -----.3 . 5 - - - - - - - 1. . . .I. .

4.5 4800-- .80 38oo 4600 1 48co
.67 ---- -9$ ----5.0 1800 .58 500 .83 70,(0 800

6.0 --- .43 -- -.62

6 .5 --- " " . ... -- . ... ----.

7.o 3 6500 .34 2200 .49 3200 .5 60

7 .5 --- ---- .. . . . 0 62C..

8.0 -- 3 ---- .4 ---- . ...8.5 .2300 .22 SOO .36 8oo .72 17009.0 6 23700 .17 4000 .34 Siool .67 i59oo9.5 5 4800 814 800 .31 1700 . 30

10.0 -_ 33• i 400

30700 .11 340o .27 8300 .56 1720010.5 5 23600 .10 240o .23 548 0 .53 1250011.0 4 .8500 .09 1700 .20 370012.0 20300 .07 1400 .17 3500 .45 910...640 .06 1000 .14 2300 .43 11002.5 3 102-0 .05 5,6 .1j "too .41 420013.0 6 2750 .04 ..00 .09 2500 .39 10/013.5 3 13700 .8 2200 .37 1020014.o 2 5uOo .07 400 .35 i800
14.5 1000 06 100 .33 30015.0 2 5100 .05 300 .31 160015.5 .0-.16.0 _ 3600 ,44 .... .30 --0016.5 2 2 . 500 .06 100 .221 !0017.0 2 3100 

.25 150017.5 2 5007 

.23 730018.0 
.0 -08 . 11008.5 52 
.16 20019.0 2 6900 
.14 90.5 0. 412 

---20.0 3600 
.43 ,.100

TOAL 66 2 0 65 5200l 4 1 O.1 ý200

---------------- o--9 25 0 . 9 i /o
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TABLE 4
COLLATERAL DAMAGE COMPUTATIONS

(March Air Force Base,
San Bernardino-Riverside, California)

I MT 2 MT 4 MT
Dist. No. Tot.
d Mi. Tracts Pop. Pk Mort. Pk Mort. Pk Mort.

0.0 1 5800 1 5800 I 5800 1 5800
0.5
1.0 ...... I .... 1 . . 1. .

1.5 . .. . .95 . . . . I. .
2.0 --. 8O .. 95 ... I..

2.5 ---- .58 .85 ---- .95
3.0 1 7300 .43 3100 .63 4600 .90 6600
3.5 ....... .35 .50 .70
4.0 ---- .26 ---- .40 .57

4.5 .18 .34 .... .46
5.0 ---.. .11 ----. .28 .. .. 4o ----

5.5 2 7600 .07 500 .20 1500 .35 2700
6.0 --. .06 -. .15 .-- . .30
6.5 1 5300 .03 200 .11 600 .24 1300
7.0 3 8800 .08 700 .20 1800
7.5 4 16000 .04 600 .15 2400
8.0 5 29200 .10 2900
8.5 3 11000 .09 1o0o
9.0 4 19600 .08 1600
9.5 1 4300 .06 300
10.0 I 2000 .04 100
10.5 1 5300
11.0 6 26300
11.5 2 7700 Notes:
12.0 4 16000
12.5 4 13200 1. Population and Mortalities
13.0 4 11600 in thousands
;3.5 2 8100 2. Kill Probability (Pk) for
14.0 6 27500 optimum air burst
14.5 7 20600
15,0 7 19700
15.5 9 40000
16.0 7 27500
16.5 10 49000
17.0 4 16100
17.5 4 20200
18.0 5 39700
18.5
19.0 1 3700
19.5
20.0 1 1300

TOTALS 110 469900 9600 13800 26500

(CONT10.)
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TABLE 4 (cont'd.)
COLLATERAL DAMAGE COMPUTATIONS

(March Air Force Base,
San Bernardino-Riverside, California)

PjM MT MT•MT

Dist. No. Tot.
d Mi. Tracts PopE. Mk Mort. Pk Mort. Pk Mort.

0.0 580O 1 5800 1 5800 1 5800
0.5 --- ----

2.0I --- ---
2.5 . .. . 1. . . . ). .
3.0 1 7300 1 7300 1 7300 1 73003.5 ...... . ,95 . . . . ). .
4.0 . .. . ,80 . .. . .
4.5 --- .67 .95 ..-.
5.0 ---.... .58 .... .33 3.-.
5.5 2 7600 .50 3800 .72 5500 1 7600
6.0 ---- .43 .... .62 1.-.
6.5 1 5300 .38 2000 .55 2900 1 5300
7.0 3 8800 .34 3000 .49 4300 .95 84007.5 4 16000 .31 5000 .44 7000 .90 14400
8.o 5 29200 .28 8200 .40 11700 .80 23400
8.5 3 11000 .22 2400 .36 4000 .72 7900
9.0 4 19600 .17 3300 .34 6700 .67 13100
9.5 1 4300 .14 600 .31 1300 .61 2600
10.0 1 2000 .11 200 .27 500 .56 1100
10.5 1 5300 .10 500 .23 1200 .53 2800
11.0 6 26300 .09 2400 .20 5300 .49 12900
11.5 2 7700 .07 500 .17 1300 .45 3500
12.0 4 16000 .06 1000 .14 2200 .43 6900
12.5 4 13200 .05 700 .11 1500 .41 5400
13.0 4 )1600 .04 500 .09 1000 .39 4500
13.5 2 8100 .08 600 .37 3000
14.0 6 27500 .07 1900 .35 970014.5 7 20600 .06 1200 .33 7000
15.0 7 19700 .05 1000 .31 6!00
15.5 9 40000 .05 2000 .30 12000
16.0 7 27500 .04 1300 .28 7700
16.5 10 49000 .25 12300
17.0 4 )610o .23 3700
17.5 4 20200 .20 4000
18.0 5 39200 .18 710018.5 -.--. . .16
19.0 1 3700 .14 50039.5 - -- - .32
20.0 i300 .10 10)0

TOTALS 310 469900 47200 149300 206100
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TABLE 5
COLLATERAL DAMAGE COMPUTAT IONS

(Horrestead A;r Force Base,

Homestead, Florida)

-. I _M) T 2 MT M -T

Dist. No. Tot.
d Mi._ Tracts Pop., Pk Mort, Pk 1Mort. Pk Mort.

0.0 1
0.5 1..
i.L 1 8300 1 8300 i 8300 1 8300
1.5 . ..... . .95 ---- I -.
2.0 o.. . .80 .... .95 ----
2.5 ...---- .58 ---- .85 ---- .95
3.0 1 2900 .43 1200 .63 1800 .90 2600
3.5 2 4600 .35 1600 .50 2300 .70 3200
4.0 --- .26 ---- .40 ---- .57 ----
4.5 1 3100 .18 600 .34 1100 .46 1400
5.0 1 2600 .11 300 .28 700 .40 1000
5.5 1 3800 .07 300 .20 800 .35 1300
6.0 --- --- .06 ---- .15 ---- .30 ----
6.5 2 !6200 .03 500 .11 1800 .24 3300
7.0 1 4200 .08 300 .20 800
7.5 2 7600 .04 300 .15 1100
8.0 ---. .10 ...
8.5 ---. .09
9.0 .......-. 08
9.5 --- .06 ----
10.0 1 10600 .04 400
10.5 I 4200
11.0
11.5
12.0
12.5 --- ---- Notes:
13.0 2 10900
13.5 --- 1. Population and Mortalities
14.0 1 1800 in thousands
14.5 2 6100 2. Kill Probability (Pk) for
15.0 I 2100 optimum air burst

15.5 1 1500
16.0 3 12700
16.5 2 17200
17.0 4 1730u
17 .5 . . .. . . .
18.0 7 36000
18.5 3 16000
19.0 2 8700
19.5 4 20700
20.0 8 34100

TOTALS 52 253200 !2800 i7400 24000

(C0NT'D.1
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TABLE 5 (cont'd.)
COLLATERAL DAMAGE COMPUTATIONS

(Ho•mes~tead Air Force Base,
Honestead, Florida)

M PT 16 MT MI
Dist. No. Tot.

d Mi. Tracts pop- Pk M4ort. Pk Mort. Pk Mort.

0.0 --- i . .. .

0 .5 ---. i. .. .. !. .

1 .0 1 8300 1 8300 R300o 8300

2.0 .....--..
2 . 5 --- --. . . .. . . I

3.0 1 2900 1 2900 1 2900 I 2900
3.5 2 46o0 .95 4400 1 4600 46c04.o --- -- - .8.9 .........
4.5 1 3100 .67 2100 .95 2900 3100
5.0 I 2600 .58 1500 .83 2200 2600
5.5 1 3800 .50 1900 .72 2700 3800
6.0 --- ---- .43 .... .62 ----

6.5 2 16200 .38 6200 .55 8900 1 16200
7.0 1 4200 .34 1400 .49 2100 .95 4000
7.5 2 7600 .31 2400 .44 3300 .90 6800
8.0 --- ... .28 .... .40 ---- .80 ----
8.5 --- ... .22 ---- .36 -... .72
9.0 .... .17 ---- .34 .67
9.5 ...... 14 .... .-I .... .61 - -

10.0 1 10600 .11 1200 .27 2900 .56 5900
10.5 1 4200 .10 400 .23 1000 .53 2200
11.0 --- .09 ---- .20 ---- .49 ....
'11.5 - -. 07 17 .' ---

12.0 --.---- .06 .14 .... .43
12.5 --- ---- .04 ---- .11 ---- .41 ....
13.0 2 10900 .09 1000 .39 4300
13.5 ....--- .08 ---- .37
14.0 1 1800 .07 100 .35 600
14.5 2 6100 .o6 4C0 .33 2000
15.0 1 2100 .05 100 .31 700
15.5 i 1500 .05 ---- .30 500
16.0 3 12700 .04 500 .28 3600
16.5 2 17200 .25 4300
17.0 4 17300 .23 4000
17.5 --- ---- .20
18.0 7 36000 .s8 6500
18.5 3 16000 .16 2600
19.0 2 8700 . '+ 1200
19.5 4 20700 .12 2500
20.0 8 34100 .10 3400

TOTALS 52 253200 32700 43900 96600



TABLE 6
COLLATERAL OAKAGE COMPUTATIONS

(Mar-0i 1 At r Force ba e,

BI0MT 2 MT •"-
dMi. Traccs Po£ k Mort w Mort. kMfjr t

0.0 1 1+100 4!0•I0 I 1041o0.5 ---- 00--10

I .5 . . .. .- - ... 9 5 ---- . . . .L.0 2 4 700 .80 3800 .95 14 r-0 0 1 47002. 1 8900 .58 5200 ,85 7600 .95 850n3.0 1 4500 .43 1 900 .63 28o00.0 403.5 .... --- 5 ---S. .. •35 -... 0 .. .. 70 . .4.0 2 12700 .26 3300 .40 5100 120
4 .... .18 ---- .34' . . 46 . .5.0 4 18300 .11 2000 .28 5100 .4o 73005.5 3 13300 .07 goo .20 2700 .35 47006.o 1 3700 .06 200 .15 600 .3o 11i006.5 2 9200 .03 300 ,i I I0 ,4 20/.0 4 )4100 .08 1100 .0 28007.5 5 22200 .04 goo 15 33008.o 4 iglo100090

8.5 7 31200 
.09 28009.0 12 51600 
.08 41009.5 8 33800 .06 2100010.0 13 44200 
.06 1800010.5 7 27400 
.4 10fI. n 4 18900

11i.5 fr. 44600
) 2.0 8 43000
12.5 4 23200 •L
13.0 7 36700
13.,5 3 13500 1. PopuIa t ion ir• Hor ta Ii t ies14.0 3 16000 in thousand.-.14.5 2 4000 2. K;tI Probability (Pk) forJ5.,0 6 43800 optimum air burst
)5.5... .
16.o 3 igloo
16.5 .......-
17,.0 3 13500
17.5... .
18.0 9 58600
18.5 2 8O000
19.0 2 b800
19.5 1 3300
20.0 6 25500
TOTALS 150 701500 21700350 20

(CON7'D."



TABLE 6 (cont d.)

COLL4TE~RiL !)At0:% CCMPUTAT i0NS
(MucDill Air Force 8-is.

Tampa, Florida)

SMT 16 MT •
Di~t. No. Tot.
d Mi. Tracts pop. Pk Mort. Pk Mort. Pk Moe L

0.0 1 4100 1 4100 1 4100 1 41 O0
0.5 ... . F . .•.. .I. .

1,5 --

2.0 2 4700 i 4700 1 4700 1 470o
2.5 1 8900 1 8900 1 8900 1 8900
3.0 1 4500 o 4500 1 4500 I 45oo
3.5-- . .

4.0 2 12700 .80 10200 12700 1 12700
4 . 5 -. .. . . .. 6 7 . . . . . 9 5 ---1 . . . .
5.0 4 18300 .58 10600 .83 15200 1 i8300
5.5 3 13300 .50 6700 .72 9600 1 13300
6.0 1 3700 .43 1600 .62 2300 1 3700
6.5 2 9200 .38 3500 .55 5100 1 9200
7.0 4 14100 .34 4800 .49 6900 .95 13400
7.5 5 22200 .31 0900 .44 9800 .90 20000
8.0 4 igloo .28 5300 -40 7600 .80 !5300
8.5 7 31200 .22 6900 .36 1H200 .72 22500
9.0 12 5i600 .17 8800 .34 17500 .67 34600
9.5 8 33800 .14 4700 .31 10500 .61 20600

10.0 13 44200 .11 4900 .27 11900 .56 24800

10.5 7 27400 .10 2700 .23 6300 .53 14500
11.0 4 18900 .09 1700 .20 3800 .49 9300
11.5 !0 44600 .07 3100 .17 7600 .45 20100
12.0 8 43000 .06 2600 .14 6000 .43 18500
12.5 4 23200 .04 900 .11 2600 .41 9500
13.0 7 36700 .09 3300 .39 14300
13.5 3 13500 .X8 I1loo 37 5000
i4.o 3 16000 .07 1100 .35 5600
14.5 2 4000 .06 200 .33 1300
15.0 6 43800 .05 2200 .31 13600
15.5 --- .05 .30
16.0 3 19100 .04 800 .28 5300
16.5. .25
17.0 3 13500 23 3100
17.5 ...---- .20 -...

18.0 9 58(100 .18 IOt00
18.5 2 8000 .16 1300
i9.o 2 6800 .14 000
19.5 I 3300 .12 400
20.0 6 25500 2 6,1-

TOTALS I50 701500 10o100 '77500 366500



CI 'AT Af L DBCE f
(W4e t over Air Force 8,)so

Spr ng f c d , Ch icopce

Holyoke, Mas!.)

]s't. No. Tot.
d Mi. Tracts P ?rnrt. C.MoPrt.op. MPr

0.080 sG 8;0o I 810O ;iioo
0.5 .... ... ...... .

1.0 -- - --

i.5 1 7400 .95 7000 i 7400 1 7400

2.o 2 9700 .80 7800 .5 9200 I 9700

2.5 1 5800 .58 3400 .8. 4900 .95 5500

3.0 2 10600 .43 4600 .63 6700 .90 500

3.5 5 34100 .35 119Co .50 171on .70 23900
4.0 2 14200 .26 3700 .140 5700 ,57 81c0

4.5 7 58700 .18 0600 .34 20000 .46 2700(

5.0 3 20800 .11 2300 .28 5800 .40 8300

5.5 3 22000 .07 1500 .20 4400 .35 7700

6.0 7 32300 .o6 1900 ,i5 4800 .30 9700
6.5 6 32600 .03 1000 t1 3600 "2 7800
7.0 4 21800 .08 1700 .20 4400

7.5 9 44000 .04 1800 .15 6600
8.0 4 30500 ,io 3100
8.5 2 16800 .09 ;500

9.0 --- ---- .08

9.5 2 11400 ,06 700

10.0 4 25900 .04 1000
10.5 2 26300
11.0 4 16000
11.5 3 10400
12.0 I 6500

12.5 --- Notes:
3.U3 20400

13.5 1 4300 I. Population and Mortal ities
14.0 3 13500 in thousands
14.5 ---- 2. Kill Probabil ity (Pk ) for

15.0 1 900 opt iunui air burst
"15.5
16.0 1 800
16.5 ......
17.0 2 10000
17.5 1 2200
18.0 ---

18.5 I 6100
19.0 I 2600
19.5 ---
20.0 1 350,

TOTALS 90 530200 63800 8" a
C (IONT



TABLE 7 ' ...... KI.)

rt(JLLI' Tf •', DA•',GE CLMP•A 141 K S
(WC L t Gmr A fr_, .

S r i d. Ch'

8 MT 16 M7 64 m r
s L No. To
di . T r a cP.s M__ _ _ _ _ , M r -. Pk i o r t ._ _ _ to r t .

0.0 1 8!00 1 8100 on"
0.5 ........ ...... -- - --

1.5 /400 4 u a 4 u0o
2.0 z 9700 1 9700 i 9700 i 9700
2.5 I 5300 1 5800 1 5800 1 ;80n
3.0 2 10600 1 10600 1 10600 i i0600
3.5 5 34100 .95 12400 1 34100 34 100
4.0 2 [1,200 .80 1t400 1 14200 1 14200
4.5 7 5870u .67 39300 .95 55800 1 58700
5.0 3 20800 .58 121O0 .63 17300 20800
5.5 3 22000 .50 11000 .72 15800 2100k
6,0 7 32300 .43 13900 .62 200001 32300
6.5 6 32600 .38 12400 .55 17900 o 32600
7.0 4 21800 .34 7400 .49 i0700 .95 20700
7.5 9 44o0o •31 13600 .44 19400 .90 39600
8.0 L 30500 .28 8500 .40 12200 .80 24400
8.5 2 i6800 .22 3700 .36 6000 .72 i2100
9.0 --- ---- .17 ---- .34 ---- .67
9.5 2 1 1400 .14 1600 .31 3500 .6i 7000
10.0 4 25900 .1I 2800 .27 7000 .56 14500
10.5 2 26300 .10 2600 .23 6000 .53 13900
11.0 4 16000 .09 1400 .20 32 (0 .49 7800
11.5 3 10400 .07 700 .17 I800 .43 4700
12.0 1 6500 .06 400 .14 900 .43 2800
12 .5 ---.-... .05 ---- .!It-- .4 1 - -

3.0 3 20400 .0' 800 .09 i800o .3 8000
13.5 1 4300 .07 300 .37 1600
4,0 3 13500 o06 800 .35 4700

14.5 --- .0L .33
15.0 t 900 .0-- .31 300
15.5 ---- .04 .30
16.0 i 800 .2 200
16.5 --- --- .25
17.0 2 10000 .23 2300
7., 2200 .20 'iU0
8.0 . .
8.5 6100 16 1000

19.0 I 2600 400
)9.5 --.- ---.-

20.0 I 3500 io0 ,0

T 'CT,:L S >C , r6u( 290 30



LlLT,' -~AL ['AM~~

oect rr F."

_ _ _ _ _ _ _ _ _ _ _ _ _ _ M r _ _ _ _ _

D -st, No. Tot,
d M. Tracts Pop. MR•rt Pk __M-,__rt• •___P M

0.0 1 3900 1 3900 1 3900 1 39000.5 . .. . I .. . I. .. I. .
1.0 . 1 .
1.5 .95 ---- 1 1
2.0 2 9300 .80 7400 .95 88001
2.5 .......- .58 .... .85 ---- .95 ....
3.0 3 13900 .43 6000 .63 8800 .90 125 00
3.5 2 11500 .35 4000 .50 5800 .70 8100
4.0 1 5400 .26 1400 .40 2200 .57 3100
4.5 1 8900 .18 1600 .34 3000 .46 Lt-O0
5.0 I 3300 .11 400 .28 900 .40 1300
5.5 1 3400 .07 200 .20 200 .35 1200
6.0 3 19400 .06 100 .15 2900 .30 5800
6.5 1 1300 .03 .il 100 .24 300
7.0 2 10000 .08 800 .20 20000
7.5 3 7300 .04 300 .15 1100o
8.0 2 10700 .!0 1100
8.5 3 17900 .09 1600
9.0 4 26400 .03 2100
9.5 1 14600 .06 900
10.0 3 17800 .04 700
10.5 4 1890n
11.0 5 40600
11.5 4 25600
12.0 5 34200
12.5 7 52800 Notes:
13.0 ---
13.5 4 29800 I. Population and Mortal ities
14.0 3 15100 in thousand-,
14.5 4 25800 2. Kill Probability (Pk) for
15.0 16 77400 optimum air burst
15.5 5 31900
16.0 17 93800
16.5 10 51200
17.0 13 691m0
17.5 17 83300
18.0 19 86800
18.5 17 80200
19.0 26 i2 ýj".
19.5 13 57800
20.0 19 89900

TOTALS 242 1271300 25000 37700 49800

(CONT '.)



TABLE 8 (con, 'J.)
COLLATERAL DA-AGE COMPUTATIONS

(Selfridqe Air •crce Base,
Detroit, Michigan)

SMT 1MT T 64 MT

Dist. No. Tot,
d Pi. Tracts Pop. Pk Mort. Pk Mort Pk Mort.

0,0 i 3900 I 3900 1 3900 1 3900
0.5 . .. . I -.... I . . . I. .

.O. .. . II I
1.5 -.... .- . .I. .

2.0 2 9300 1 9300 1 9300 1 9300
2.5 --- - I - .... 1 ----
3.0 o 139070 i 139CG i 13900 1 13900
3.5 2 11500 .95 10900 1 11500 1 11500
4.0 1 5400 .80 4300 1 5400 1 5400
4.5 1 8900 .67 6000 .95 8500 1 8900
5.0 1 3300 ,58 1900 .83 2700 1 3300
5.5 1 3400 .50 1700 .72 2400 1 3200
6.0 3 19400 .43 8300 .62 12000 i 19400
6.5 1 i1300 .38 500 .55 700 1 1300
7.0 2 10000 .34 3400 .49 4900 .95 9500
7.5 3 7300 .31 2300 .44 3200 .90 6600
8.0 2 10700 .28 3000 .40 4300 .80 86oo
8.5 3 17900 .22 3900 .36 6400 .72 i2900
9.0 4 26400 .17 4500 .34 9000 .67 17-)nn
9,5 14600 .14 2uuO .31 4500 .61 8900

10.0 3 17800 .11 2000 .27 4800 .56 10000
10.5 4 i8900 .10 !900 .23 4300 .53 10000
11.0 5 40600 .09 3700 .20 8100 .49 20000
11.5 4 25600 .07 1800 .17 4400 .45 11500
12.0 5 34200 .06 2100 .14 4800 .43 14700
12.5 7 52800 .05 2600 .11 5800 .41 21600
13.0 -. ---- .04 .09 ---- .39 ....
13.5 4 29800 .08 2400 .37 11000
14.0 3 IS100 .07 1100 .35 5300
14.5 4 25800 .06 1500 .33 8500
15.0 16 77400 .05 3900 .31 24000
15.5 5 31900 .05 1600 .30 9600
16.0 17 93800 .04 3800 .28 26300
16.5 10 51200 .25 12800
17.0 13 69100 .23 15900
17.5 17 83300 .20 t6700
18.0 19 86800 . 18 15600
18.5 17 80200 .16 12800
19.0 26 12,3100 .i4 17900
19.5 13 57800 .12 6900
20.0 19 89900 .10 900C

TOTALS 242 1277300 93900 149100 424600



D It . Nn. T
d1 M, Irt~ __. _ U)K~

2.0 0 D 1 ýI5 6

12 -. 0 ,
2,0 84<00 .80 t,700 .'05 8,000 84-00
2. 5 I 4800 .R 23 , .,,, . 4r ... .95-• +0

3. 7...) 70...1 00 .9 16000

3.5 2 1044u0 .35 3600 .50 5200 .70 7300/4.0 3 ; 1 -n, - . .... rj. ' - q - 640D4....3-- .3% . '0 4500 .57• 6400

4.5 6 33800 .l8 6100 .34 1500 .46 15500
5.0 3 ?3400 il 1500 .28 3800 .40 5400, . . ., 00 .3,0 5 0
5.5 4 14000 .07 1000 .20 200 .35 4900
6.0 3 12200 .06 800 .15 1900 .30 3800
6.5 4 1"000 .D3 400 .ii 1 500 .24 3400
7.n 5 182oo .08 1500 .20 3600
7.5 6 >000 .04 1000 .15 3600
8.0 6 15800 10 2600
8.5 8 o0000 .09 3600
9.0 5 2'0500 .08 1600
9.5 4 16290 .06 1000
10.0 6 23800 .04 1000

11.0 6 28300
11.5 1 5900
12.0 4 19600
12.5 3 9900 Notes
13.0 2 16200
13.5 2 48-00 i. Popuat ior and Morta It i es
14.0 2 2700 i n thouc :.ds

4.52 14400 Kill Probabil ity (Pk) for
15.0 2 4600
5.5 1 3700 opfImuri ar bur-t

16.0 3 130 •
16.5 ........
17.0
17.5 1 10200
18.0 1 4300
18.5 ---

19.0 I 3200
19.5 I 2100
20.0 1 1200

TOTALS 108 483700 43100 66800 1020300

(CONT 'D.)



M~ T

d Mi Tract s P o F . k Mo t. Pk Ho rt. Pk Mort.

0.0 16200 6200 66200 Zn20

1'0 -- - ----

,5 1 3600 3600 3600 3600
2.0 1 8400 8 3400 I 8400 8/+00
ZI 4800 4 8 GO i 400 4800
3.0 3 17800 1 17800 l 17800 17800
3.5 2 00400 -9 .5 ,9-...l 10400
+ 3 11300 .80 9000 1 11300 11300
4.5 6 33800 .67 22600 .95 32100 1 33800
5.0 3 13400 .58 7800 .83 11100 1 13400
5.5 4 14000 .50 7000 .72 10100 i 14000
6.0 3 12700 .43 5500 .62 7900 i 12700
6.5 4 14000 .38 5300 .55 7700 14000
7.0 5 18200 .34 6200 .49 8900 .95 17300
7.5 6 24000 .31 7400 .44 10600 .90 21600
8.0 6 25800 .28 7200 .40 10300 .80 20600
8.5 8 40000 .22 8800 .6 14400 .72 28800
9.0 5 20500 .17 3500 .3.& 7000 .67 13700
9.5 4 16200 .l4 2300 .31 5000 .61 9900

10.0 6 23800 .11 2600 .27 6400 .56 13300
10.5 3 17900 .10 1800 .23 4100 .53 9500
11.0 6 28300 .39 2500 .20 5700 .49 13900
11.5 I 5900 .07 400 .f7 1000 .45 2700
12.0 4 19600 .06 1200 .14 2700 .43 8400
12.5 3 9900 .05 500 .11 1100 .41 4100
13.0 2 16200 o04 600 .09 1500 .39 6300
13.5 2 4800 .07 300 .37 1800
14.0 2 2700 .06 200 .35 900
14.5 2 14400 .05 700 .33 4800
15.0 2 4600 .05 200 .31 1400
15.5 3700 .04 t00 .30 1100
16.0 3 15800 .28 4400
16.5 --- .- 5 - -

17.0 .23
17.5 1 10200 .20 2000
18.0 1 4300 .18 800
18.5 --- ---- .16
19.0 I 3200 .14 400
19.5 i 2100 .12 300
20.0 1 1200 .o0 100

TOTALS 108 483700 152900 211600 338500



TABLE 10
COLLATERAL DAMAGE COMPUTAI'IONS

(McChord Air Forct Base,
Tacoma, W4ashingtn'n)

I MT -- 2 MT 4 MT
D ist No. Tot.
d Mi. Tracts Poo, Pk Mor Pk Mort .ort.

0.0 --- ----

0.5 .

2.9 8100 .So 65o0 .95 7700 I Bic0
2.5 I 6100 .58 3500 .85 5200 425 500 o

3.0 2 17000 .4d13 7300 3 10700 .90 15300
3.5 1 9200 .35 3200 .50 4600 .70 6400
4.0 1 2800 .26 700 .40 1100 .57 1600
4.5 3 14500 .18 2600 .34 4900 .46 6700
5.0 6 26830 .1i 2900 .2t 7500 .40 10700
5.5 3 35700 .07 2500 .15 5400 .35 12500
6.0 5 17400 .06 1000 .11 1900 .30 5200
6.5 2 9&,o .03 300 .08 800 .24 2400
7.0 4 88oo .o4 800 .20 3800
7.5 16400 .15 2500
8.0 2 860C .10 900
8.5 5 21800 .09 2000
9.0 3 15500 .08 1200
9.5 4 26700 .06 1600

10.0 4 14oc. .04 600
10.5 2 7400
11.0
1".5 I 700
12.0 4 13600
;2.5 4 10000 Notes:
13.0 1 $5uu
13.5 l 900 1. Population and Mortalities
14.0 2 9900 in thousands
14.5 1 2100 2. Kill Probability (Pk) for
15.0 3 /400 o ptimum air burst
15.5 ---
16.0 1 5700
16.5 3000
17.0 1 2900
17.5 ---
18.0 1 5700
18.5
19.0 6 36200
19.5 ---
20.0 5 24000

TOTALS 85 40,1,0 305uu 50600 8&300
(CONTI0. )
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TABLE 10 (cont'd,)
COLLATERAL DAMAGE COMPUTATIONS

(McChord Air Force Base,
Tacoe•, Washington)

TMT 16 MT 64 MT
Dist. No. Tot.
d Mi. Tracts pop. Pk Mort. Pk A!ort, -,, tdu r t

0,0
0,5 --..--...

1.0 - ----1,5 ... . .. .. .

2. 0 8ioo 1 8100 1 8100 1 8100
2.5 1 6100 I 6i00 1 6100 1 6100
3.0 2 17000 1 )7000 1 1700u 1 17000
3.5 1 9200 .95 8700 1 9200 1 9200
4.0 ) 2800 '80 2200 1 2800 1 2800
4.5 3 14500 .67 9700 .95 !3800 1 14500
5.0 6 26800 .58 !5500 .83 22200 26800
5.5 3 35700 .50 17900 .72 25700 1 35700
6.0 5 17400 .43 7500 .62 10800 I 174oo
6.5 2 9800 .38 3700 .55 5400 1 9800
7.0 4 i8800 .34 6400 .49 9200 .95 i7900
7.5 4 16400 .31 5100 .44 7200 .90 14800
8.0 2 8600 .28 2400 .40 3400 .80 6900
8.5 5 21800 .22 4800 .36 7800 .72 i5700
9.0 3 1c500 .17 2600 .34 5300 °67 10400
9.5 4 26700 ,14 3700 .31 8300 .61 16300

10.0 4 14900 .1) 1600 .27 4000 .56 8300
10.5 2 7400 .10 700 .23 1700 .53 3900
1t.0 --- -- - .09 .... .20 .... .49
11.5 ) 700 . -7 .17 10O .45 300
12.0 4 13600 .06 800 .14 i900 .43 5800
12.5 4 10000 .05 500 .11 1100 -41 4100
13.0 1 8500 .04 300 .09 800 .39 3300
13.5 1 900 .08 lot .37 300
14.0 2 9900 .07 700 .35 3500
14.5 1 2100 o06 100 .33 700
15.0 3 7400 .05 400 .31 2300
15.5 --- .05 ---- .3o
16.0 i 5700 .04 200 .28 1600
16.5 1 3000 .25 800
17.0 1 2900 .23 700
17.5 ....... .2o
18.0 i 5700 .J8 1000
18.5 --- .16
19.0 6 36200 .14 5100
19.5 --- .12 ----

20.0 5 24000 .10 2400

TOTALS 85 408100 12 O0 I 33S.,., ,,,,•2?3500
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APPENDIX C

COLLATERAL DAMAGE
Adjusted Cfxputat iors

The foilowing tables are the results of adjusting therough d6mage computations (Appendix A) accoraing to theinformation derived from the detailed conputations (AppendixB) 1 Mortalities are listed under each weapon size and are
in thousands of people.

Targets calculated in detail are designated by an asterisk.
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APPENDIX D

COLLATERAL DAMAGE

Blast Shelter Cost Computations

As a first approximation the cost of a program which provides blast
shelters which protect against any size weapon (or less) can be obtained
by taking the cost of a required shelter space at the center of popula-
tion, multiplying by the total population at risk, and summing over the
57 targets. The following tables contain the results of such computa-
tions for I-MT weapons and 8-MT weapons, include detail calculations for
10 large places and, based on these detailed c3luclations, adjustments
to other large places. Costs are based on the formula

Cost per space = $50 + $20 IF
Where p = shelter psi rating

and 10 levels of shelter hardness (220, 100, 60, 40, 25, 20, 16, 12, 9,
and 6 psi). Shelters are provided within 10 miles of GZ for 8-MT weapons
and 5 miles for I-MT weapons. Overpressures at greater distances are
less than 5 psi, and we assume that blast shelters are not required. In
addition, we assume people close to GZ (< I mile for 8-MT and -C0.5 mile
for I-MT) are able to disperse to shelters provided for them.

Population and distance data were taken from Appendix C. Cost
figures are in millions of dollars. The number of spaces provided at
each site is shown in parentheses above the cost figure.
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PLAST SHELTER COSTS

tNo. of SrLj,, If,
To• t•a I Opt i or

Target and Prior, Pop. d A." r ,auS i

Nr-arest City State Deij. x1O3 m;. I mT 8 mT 1

I Dav is-Monthan Ariz. AU
-- i • (117 ) (220)

Tucson 254 . 28.9

2 Vandenburg Cal. Ao

(21)
Lompoc ... . __I29 9.2 - 0.21 2,3,I I

3 Beale I Cal. A0  _ _

- .(2)1 (40)
Marysville j 52 7.0 0.3 4.4

4 Lowry IColo. A0  ______ ___ ___

(334) (693)
Denver 813 5.2 1 40.0 D 93.7

5 Mountain Home Idaho Ao,
g !oa A0  1 (2)

Mountain Home 1  11 11.2 - 0.2

6 Schilling Kan. A0  _

B (59)
Sal ina 79 3.2 5.6 8.5

Note: Detail cost calculations for targets desiqnated by
an asterisk ( i) may be found on paqes 12 throuqh 21
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BLAST SHELTER COSTS

(No. of Sgaces x 103)
$ x 10

Sl'JTotal 0 "• t 117"U f

Target and Prior. Pop. d Air 8urst
No. Nearest City State ,esi. 3 xmi . I MT 8 MT

7 Forbes Kin, Ao
(34) (000)

Topeka 152 6.7 4.2 12.3

SMcConnell Kan. A0 '-
8 (166) (314)

Wichita 362 5.5 18.6 41.1

9 Ma I s t rom Mont. A0

(1) (67)
Great Falls 70 5.2 0.1 8.1

10 Lincoln Neb. Ao

-.. (82) (154)
Lincoln 178 5.1 9.2 20.2

11 Offutt Neb. Ao
(41) (226)

Omaha 539 9.7 5.1 25.8

12 Walker N.M. Ao

(1) (47)
Roswel I 51 6.0 o .I 5.2
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BLAST SHELTER COSTS

(No. of Sgaces x 103)
Sx •10

Target and Prior. Pop. d Air au.rst
No,. Nearest City State Desiq. xlO. mi. I ,T. MT

13 Plattsburgh N.Y. Ao
1 (29) (48)

Plattsburgh 81 3.3 3.3 6.4

fu Alus Okla. A0

(26) (33)
Altus 45 3.6 2.8 4.4

15 Ellsworth S.D. Ao

(1) (49)
Rapid City 53 8.0 0.1 5.0

16 Dyess Texas A0

C2) (108)
Abi lene 117 6.5 0.2 _2.0

17 Fairchild Wash. A0  ___

r "I ','... u(ii) (80)
Spokane 263 12.5 2.6 9.6

18 Larson Wash. A0

(7) (23)
Moses Lake 36 6.0 0.9 3.1

4



H8-361 -RR/5 D-5

BLAST SHELTER COSTS

(No. of Spaces x 103)

-TotaOpt murm
Target and 1 Prior. Pop. d .A;•r .rst

No. Nearest City State Desig. x10 3 J mi. I MT 8 MT ,I I
19 Francis E.Warren .WvA.

C (49) (50)
Cheyenne _ 53 1.8 7.4 )2.3

(955) (2334)
TOTAL A0 3238 1313.8 303,5

20 Bythville Ark. Al

(27) (38)
Blythville - .. . .. 56 3.1 3.0 5.3

21 Little Rock Ark. Al

(10) (72)
Little Rock 237 12.3 2.3 8.7

22 Travis Cal. A]

(2) (35)
Fairfield 72 5.6 0.2 4.2

23 Castle Cal. A1 ,

(I o) (40)
Mer:ed 54 7.5 1.3 5.1

- I I I i [ II



D-6 HI-361-RR/5

BLAST SHELTER COSTS

(No. of Sgaces x to]
5x 1O

- Total 0t um
Target and Prior. Pop. d Air Byrst

No. Nearest City State Desig, xiO3  mri .LT 8 MI.-

24 March Cal. A, _

San Bernard ino (13) (117)
_ _ , R iv e rsid e 4 70 _ 8 .8 . 2 .8 t_ 1 .0

25 Homestead Fla. A 4

Miami- (22) (64)
Homestead 253 23.5 3.1 9.3

26 McCoy Fla Al

(19) (106)
Orlavdo ' 253 9.4 2.4 12.2

27 MacDill Fla. A1  (6

Tampa- (53) (296)
St. Petersburg ... .. . 702 9.6 6.6 33.7

28 Eglin Fla. A)

(13) (27)
Valpariso 30 2.0 1.6 3.8

29 Turner Ga. Al

(66) (71)
Albany 79 4.0 6.6 9.2



HI-361-RR/5 D-7

8LAST SHELTER ZOSTS

(No. of Sgaces , iC3i
$x 0 10

S • o0- t a i U-• o t • • ; , '
Tarqet and PrJor. Pop. d Air __

No. Nearest City State Desi.x 3  
__ 6!__ 8 MT_ _ 41

30 Hunter Ga. Al

Savannah 202 4.4 i8.9 25.2

31 Robins Ga. A{

(22) (26)
Macon 1 i 173 12.8 2.9 ).9

32 Bunker Hill I nd. A.9

_l(5) (36)
_ Kokcmo 136 __._7 1 0.7 1 4.1_

Barksdale La. Al

(58) (168)
Shreveport 254 6.1 7.0 20.6

34 Chennault La. A)

(i18) (126)
Lake Charles __4_ 3.8 123.2 1 18.1

35 Dow Me. A1

(59) (83)

Bangor 125 2.0 7.8 14.4



i)-8 HI-361-RI/5

BLAST SHELTER COSTS
(No. of Sgaces x 103)

S x 10"

-Total 0 t ,-r1
Target and Prior. Pop., d Air s

No,. _Neare~st_.City State Desig, x1×03 mi, I fAT_ 8 •

36 Lorin9 _Me. Al

Car bou 47 9.2 0.5 2.6

37 Presque Isle Me. Al

1 (1 7) (24)

Presque Isle -6 1.0 3.3 6.2-1 1 I
38 Westover Mass. Al . ..... I

1.- (169) (40,)
Springfield 530 5.2 20.2 51.4

39 K.I. Sawyer Mich. A-
S.... • .. . I (2 ) (9 )

Marquette 48 11.7 0.3 1.I

40 Selfridge Mich. Aj (319

Detroit 1277 19.0 7.1 21.5

41 Wurtsmith Mich. Al 4
(2) (9)

SmaII Town6 18 -- 0.3 1.)



HI-361"RRI5 0-9

BLAST SHELTER COSTS
(No. of SeIces ¾ 1031

Target and Prior, Pop. d __!AL
No. =--Nea.rest C kty_ 5 tatej De jiq_. x103. -- r i , tJt.T_ . T_

42 .Kincheloe - Mich. A,
(2) •

Sma I I Towns 20 ). 1.2

II ,
43 Co..urmbu s .Mi ss.. A l. .. ..... __. . ... .

I (i) (6)
Columbus - 58 19 0.3 0.2 __ 0.7

44 Whiteman Mo. Al

I (I) (6)
Warrensburg 1 28 9.7 0.2 0.7

45 GGlasgow Mont. Al

Small Towns -

46 Pease N.H. A __ _

(30) (70)
. Portsmouth _ 86 3.2 3.3 8.6

47 Griffiss N.Y. Al

I (74) (85)
Rome 103 2.5 9.0 14.1

(9) (62)
Utica 202 12.5 2.0 7.4



D-10 HI-361-AR.5

BLAST SHELTER COSTS

(No. of SV ý_Ul, X t03)
$ x

-.. Total OrIt ..
Target and Prior, Pop. d Air aurs,

No. Nearest City -State Desig, x10 3  . .8 MT_ 2
48 Seymour Johnson N.C. LAt -

(34) (4o)
Goldsboro 55 3.2 3.8 1 5.8

49 redforks jN.D.~2~ AI
(2) (9)

Grand Forks 58 17.3 0.3 1._ 1

50 Mino- N.D. ...... 4 ......
' ( •)(7 )

Minot _ __ 50 _14.2 0.2 .0.9

,1 Lockbourne Ohio Al-_

T(31) (221)
Columbus 728 12.0 7.2 26.6

52 Wriqht-Patterson Ohio A.l

(46) (253)
, Dayton _ 600 9.0 5.6 28.8

(1]) (32)

Springfield 127 14.2 1.6 4.7

(21) (21)
Fairborn 21 2.0 2.6 4.3

_ _ _ _ _... _ _• _ _ Ii• IJ ,I = -



H'I-361-RR/S o-If

BLAST SHELTLR COSTS
(No. of Spaces x 10ýi

S X fOo

- -Total Opt ;IMUM
Target and Prior. Pop. d Air L_11 .No.j Nearest City State •De.Lig. x103 fi . i MT A-8 M T

53 Clinton-Sherman Okla. A__.....,_

I ~S IElk_______ City____ 26 32 .6 0.3A 1.0

54 Bergst row. Texas A9_A __ _[
- (3) 1(207)

Austin 232 7.8 0.4 24.1

55 Bigys I Texas _AL _.

3 3.8 (305) (309)
El Paso 316 3.8 33.7 43.2

56 Carswefl Texas A1  I I *

-(110) (319)
Fort Worth 44384 6.4 13.3 139.2

57 j cC hrd Wash. A )-
(85) (270)

Tacoma 408 5.) 9.2 32,3

S(1757) 224)
otal Al 8799 i205.3 521.4

(2712) (6558)

57 ToIa_s A0 + Al 12037 319.1 1824.9

___ __ __ __ __ _ ~ ~1 __ __ __ __ __ __ ___ __ _ 1 __ __ __



D- 12 li E--.~

8 MT I' IMT

Tor ap I SheI C TT

0.0 -.-. - .....

-.5 --- 5500 220 3M0

1.0 11300 220 350 4.0 '800 60 20r.

1 1 37900 100 250 9.5 37900 25 150 5,'

2 35900 60 205 7.4 35900 16 13(-

2. I 41600 40 175 7.3 41600 12 120 C

3.0 44300o5 150 6.6 44300 9 110
SI ,- - 1- -- "

3.5 26800 20 140 3.8 26800 I 9 l 10

4032100 16 130 4.2 32100 6 100 3..

4.5 42500 16 130 5.5 425001 6 '00

50 -61100 12 120 7.3 61100o [mo , o

5.5 48700 12 120 5.9

. 2 2 700 9  110 2.5 LOWRY AFB
- DENVER, COLORADO

28100 9 110 3.1

1.0 31960 9 110 3.5 BLAST SHELTER COSTS

7.5 37700 9 110 4.1 ($50 + $20 fpmwhere p si

8.0 49200 6 100 4.9

29100 6 100 2.9

9.0 4 76 0 1 6 100 4.8

9.5 32900 6 100 3.3

10.0 31200 6 100 3.1

TOTALS 692600 93.7 333500 t0 .

_________ _______ ____~ -



HI-361-RR/5 D0 ! 3

Oist. jd .. 8 PIT I M T

(' .I To Shel t er Co',f p Te TT.t a T h ef a I)I,(tier Tota.

Pp Harns Spr cc-!Pop HadeI Space co, t
_____S_ I (() x 100)1 ( pp.i i ( (,;) ________

0,0 . .... i -K -... . --- ...... -

2000 2 220 t 350 0.7---- - i

10 2000 ,22o~ 350 0.7 60 205

1.5 1 2800 100 250 j 3.2 12800 25 150.9

2.0 7300 60 205 1.5 7300 1 16 f 130 0.9"'• -•-'.. . ..... _ _ - -..... - ..... ... .

25 16500 40 175 29 15012 Qo2.0

3.0 12900 150 1.9 12900 9 Ito 1.4

3.5 19200 20 i40 27 1920 10 32.

4.0 32800 16 130 43 32800 6 100 3,3

4.50 16 j10 3.2 24500 6 Too

S'5.0 38100 12 4.6 38100 6 100 3.8

5.5 1 19300 12 12023

6.0 -2600 9 110 2,5 McCONNELI- AFB
6.. WICHITA, KANSAS

22800 9 110 2.5

7.0 28800 9 1 110 3.2
4 BLAST SHELTEP COSTS

7.5 8700 9 IIO 1.0 (050 + $20 ipwhere p psi)

8.0 14500 6 100 1.5

8.5 10500 6 100 1.1

0 11000 6 100 1.1

9.5 5300 6 100 0.5

i0.0 4000 b 0on 0,4

T0TALS 313600 41.1 166100 -II .



bo 8 MT fit
0 .

, H. i Spc si •,

P~~~ I ii 1 p I~J '

O~t ... 1•:5700 22DO 350 "'
5700 220 1 350 2.0 -60 20t ---

--- 100- 25 --- -- VU. ---- IO0 i--- ...... J ~ -

- 60 205 .16 13

S? i - -40 1 7 .. .!2 1 20

0.75 ---,.

3.0 25 150 -- ... .. 9 ,,1 -

570 220 340 -.0 60- 201T

I 1 30

.--- 16 130 .... -- 6 too--

I., tO.. .. . 25 ..... .. IL0

80 ohS0 12 120 0.1 z800 6 100

60 205--- 16 13l... 300-C

I I

"40--- 12 120 ---

9 250 I-- FAIRC141LD AF9

SPOKANE. W/ASH INGTON

P,-- -- - 10 - - ----

r9 I 1

~- - 0109 110- .

- S•LAST SIIELTER COSTS

--- 9 6130 50 6 $20 10wh 0r p Ups,

.6 100 ---

., 8o00 1 6 ,.0100

" '>23700 6 100 2 .4

9 • 14 5400 6 too 0.5

1O .0 30700 6 t00 3.1!
TOTLO 9.. .... A A. 2

I



4 HI-361-RRI5 0-IS

Did. 8 MT I ?AMT

I o .•~ ne . pc A C,. /•I ' .' H•,de . Space .,d .o ... I . ..... .. .... i -($ t ' ( _____

0.5__ 5800~~* - -2 |30 . 5-00 20 !325 0-.
.5 It --- 02 0.. a -

2.0 -8-0 60 3205 ....0 1-- 6 0 205

Si!- J a 74. .. .- 2 T 2o--

o.5~ --- 580 2 30 1

".5 I O60 2505 25- --

3.0 7300 25 150 1.1 7300 9 110

3.5 --- 20 140 --- --- 9 110

4.0 -- 16 130 --- 6 i00

4.5 --- 16 130 ....N- 6 o00

12120

5.5 7600 12 120 0.9

.0 Io --- MARCH AFB
SAN BERNARDINO - RIVERSIDE

CALIFORNIA6.5 I 3 09 ; 1 io o.6

7.0 8800 q , o 1.0

7.5 16000 9 Io0 1.8 BLAST SHELTER COSTS

8.0 29200 100 2.9 ($50 + $20 f-where p psi)

11000 6 100 1.1

9.0 19600 6 100 2.0

9.54300 6 100 0__00_ I o o.H

10. 2000 6 Ion 0.2

I 1
T 0T~ LS 1 169 0 0 f - f . .... 1k .O 13 0 -- • .

I I I I I IIl l I l l



0-16 Hi- 361 -RR/5

Di.t !MT I KT

(mi,) ;Tot a I - .-1ter '•.-• •,,;..

1.P2202 fs) (50

"" 30D 220 350 2.9 8300 60 205 1,

o0 250 ii 2, 150

2.0 -.- 60 2 Ž05 16 130

2.5 40 1 75 - 12 )20

3.0 1 2900 25 5o 0 2900 j 9 110 0.3

3.5 4600 20 , 140 1 0.6 46L00 9 110 0.5

4.o -6 130 6 l00
- I 1• . .. I Io

. 3100 16 130 0.4 3100 6 100 0.3

50 2600 2 120 0.3 2600 6 1O0 0.3

5.5 3800 12 120 O 0.5

6.0 9 R)o -
i -i"

6. i 16200 110 1.8 HOMESTEAD AFE
HOMESTEAD, FLORIDA

7.0 4200 9 110 0.5

.. __7600 9 110 0.8 BLAST SHELTER COSTS

8. . --- 6 100 ($50 $20 J'where p = psi)

8 I --- 6 OO01

9.0 6 O00

9.5 6 100 ---

10.0 10600 6 6 I.I

TOTAL _6390 9_3 21500 .1 3TOTALS 6900 --- 93 250I 3



"HI-361-RR/5 D-1 7

D;•s , 8 MT I MT

{'*) ITotal She ter co'! 't- t. De Total ' ~ '

Pop. Hardnes,' Spece Co-! , H.t Iwj " e Space I Cost

--- oo 220 350 1.

S 4100 220 350 1,4 60 205

1.5 100 ..... 1 25, ISO

2.0 4700 60 205 .0 4700 16 130 0.6

2.5 j 8900 40 175 1.6 8900 12 120 1.
3.o 450 25 150 0.7 4500 - 9 i 110 0.

3-520 140 -- 9 + 110 ---

14.0 12700 16 I 130 . 12700 6 100 1.3

4.5 - 16 130 - 6,I

5.0 18300 12 120 2.2 18300 6 K 00 1.8

5.5 13300 12 120 1.6

6.0 3700 9 110 o.4 KAC DILL AFB

TAWPA, FLORIDA
6.5 9200 9 I1 10.0

70 110 9 110 il.6
_ .o____oo 4 ___ o 1.6 BLAST SHELTER COSTS

7.5 22200 9 lIO 2.5 ($50 + $20 W"where p, psi)

8.0 19100 6 100 1.9

8.5 31200 6 100 3.1

9.0 51600 6 100 5.2

9.5 33o 6 100 3.4

10.0 44200 1 600 4.4

TOTAL j 2 3 5 6.6

TO A S 295600 1 - 33.7 53200 ..- 6.6

I •I



D-18 HI-361-RR/5

Dt 8 MT I MT

(m .) Total Shelter fco.) pi~ r T'-.31 T,,; .: 1 T,,

POp. Hardn.-, Space co. I P . space I T.

0.5 8 loc 220 3508

.08100 220 50 205

8"o 6020

1,5 1 7400 100 250 1.9 74o00 1.

2,0 9700 60 205 2.0 9700 1 16 130 1.3

24 5810 40 75 1.0 5800 o 12 120 0.7
3800 0___ 1__ 2__

3.0 10600 25 o50 1.6 1060o 9 110 ' 1.2

3.5 i34100 1 20 I 140 4.8 34100 9 1 10 31.7

4.0 14200 16 130 1.8 14200 j 6 100 1.4

4.5 58 ý-C -16 ! 130 1 4oL878• )6 7.6 58700 I 6 100 5.9

5.5 2 0 - 2 120 2.6

6.0 32300 9 110 3.5 WESTOVER AFB

4- ------_- -- SPRINGFIELD, CHICOPEE,

6.5 32600 ~ 9 110 3.6 HOLYOKE, MASS.

7.21800 9 110 2.4

2...

7.5 44000 9 110 4.8 BLAST SHELTER COSTS

($50 + $20 "where p psi)8.e 30500 6 loo 3. 1

8., 16800 6 10o 1.7

9.0 6 ion

91.S 1400 6 100 1.1

10.0 25900 6 100 2.6

TOTALS 406700 --- 51.4 169400 20,2

I ,



HI 361-RR/5 O-19

D .f3 MT 1 MT

( *.) Tnotal 1Sh )ter :Cost T-. # ta She I Icor a

Pop. j rdne Space Co t Pt)p. Hdrd~.s, Space Ct

00 10 . . . ..

________3900_ 220__ 1z 350 ___.4 __

1.0 3900 220 350 1. --- 60 205

- -5 too 2 ...... 25 --

2.0 9300 60 205 1.9 9300 16 130 1.2

2.5 40 175 12 t 120

S1 0 150 2.1 13900 9 110 i.5
3.5 390•

3.5 11500 20 7140 1.6 13500 9 _ 10 U0, .3

4.0 5400 16 i 130 0,7 5400 6 10I0 0.5

4.5 I 8900 16 " 30 1.2 8900 6 100 0.9

5.0 3300 12 120 0.4 3300 6 I00 0.3

5. 300 _ 12 120 .

6.0 19400 9 130 1.0

6.5 1300 9 -o0 0.1 SELFRIDGE AFB
S0DETROIT, MICHIGAN

7.0 10000 9 10o 1.1

7.5 7300 9 10 0.8 BLAST SHELTER COSTS

8.0 10700 6 00 l ($50 + $20 16'whe re p =psi)

8.5 17900 6 100 1.8

9.0 26400 6 100 2.6

9.5 14600 6 100 1,5

10.0 17800 6 1oo 1.8

TOTALS 18500 --- 21.5 56200 !

I I I I I I I I I II I I I I I I I I I I I I I



Do20 _ I- -.. 36 -RA8 -T

To taI h i t| C, -

SI6M00 220 (51 2 22

6200 2 0 --- 60 .05

1.0 350I

_ .5 _3600 100 250 0.9 3600 2L: 150 f 2C

2.0 84000 220 350 _ 1 230

487000 120o .

3.0 17800 250 0 . 7

,400 20 140 84.5 10400 .9 I

11300 26 130 1.5 11300 6 100
445800 16 16 130 4.4 33800 6 0'0

5.0 13400 12 120 1.6 3,o 76 too 1-3

5.5 14000 12 120 1.7

.12700 60 Li.4

S~CARSWELL A, FB6.5 1i4ooo 9-- 110 1.5 FO7T WORTH, TEXAS

7.0 18200 9 11;j 2.0

-- . . ULAST SHELTER COSTS
7.5 24000 9 110 2.6

7.($50 8 S20 0 2her0 p 0ps

8.0 25800 6 100 2.6

8.5 40000 6 100 4-o

9.0 20500 6 t00 i 2.t

9.5 162uo 6 100 1.6

10.0 2380o 6 100 2.4

TOTALS 318900 39.2 l09700 13.3



HI-361-R.R/5 0-21

Dist 8 MT I MT

(a' .) Total SheIt , e 'T,, v.tn a
frdne~, Space

-d I -- I---

0.5 -- zo --o 0

S... .. ... . . . . i .... .. ..

3.0 150 -z --0
3.5 229 20 - 4 o .3 9 9 1 _____

4 5 1415 0 . . .0 .. 9 1 -0 . . ,- -- T 1.

2.0 8100 60 1205 3.2 310O 16 1300 1

36500 40 175 1.1 6100 12 120 T.3
30 0 170 .t2 5 I 1.1. 7OO 2 50 2 .6 17000 9 1

.52 1 1. 200 981I00

4.0 2800 16 130 20. , 0.3
_ _ _ _ - * '.4- " ii 6 • ...

4.5 145 16 : 130 18 6 00 1.5

5.0 2800 120 3.2 26800

9.0O~ 15500__- 6 1001.

5.5 35700 12 ]C2  2.3

6.10 17400 9 0 1.9 oocCHOR AF8

TAS 9800TACOMA, WASHI NGTON

1.0 18800 9 , 110 2.1

' .--. BLAST SHELTER COSTS
7.5 '161400 9~ 1 0 1 .8

I ($50 + S20 1•where p ,- psi)

8.0 8600 6 100O 1 0.9

8.• •21800 6 100 ! 2.2

90o 15500 6 100 1 .6

10,0 i4900 t 6 100 i .3
__ _ __4 __ _ _ ___ _ ._

_ -
TOTALS 270100 ---...... 32.3 84-500 ------ 9.?


